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ABSTRACT 
 
 
The high penetration level of distributed generation (DG) provides numerous potential 
environmental benefits, such as high reliability, efficiency, and low carbon emissions. 
However, the effective detection of islanding and rapid DG disconnection is essential 
to prevent safety problems and equipment damage caused by the island mode 
operations of DGs. The common islanding protection technology is based on passive 
techniques that do not perturb the system but have large nondetection zones. 
Therefore, the first part of this thesis attempts to develop a simple and effective 
passive islanding detection method with reference to a probabilistic neural network-
based classifier, as well as utilizes the features extracted from three-phase voltages 
seen at the DG terminal. This approach enables initial features to be obtained using 
the phase-space technique. This technique analyzes the time series in a higher 
dimensional space, revealing several hidden features of the original signal. 
Meanwhile, the second part of the thesis focuses on the development of an optimal 
load shedding scheme after the system experiences an unintentional islanding state to 
prevent system collapse due to load-generation mismatch and voltage instability 
encountered in the islanded part of the system. To handle this optimization problem, a 
constraint multiobjective function that considers the linear static voltage stability 
margin and amount of load curtailment was formulated. A novel heuristic 
optimization technique based on the backtracking search algorithm (BSA) was 
subsequently proposed as an optimization tool for determining the optimum load 
shedding based on the proposed objective function. Several test systems, including a 
radial distribution system with two DG units and the Institute of Electrical and 
Electronics Engineers (IEEE) 33-bus radial distribution system with four DG units, 
were utilized to evaluate the effectiveness of the proposed islanding detection method 
and the optimal load shedding scheme. The effectiveness of the proposed islanding 
detection method was verified by comparing its results with the conventional wavelet 
transform (WT)-based technique through intensive simulations conducted with the 
DIgSILENT Power Factory® software. The assessment indices, namely, the mean 
absolute percentage error (MAPE), mean absolute error (MAE), and root mean square 
error (RMSE), obtained a 0% error rate for the proposed method when applied to the 
IEEE 33-bus radial distribution system with four DG units. Meanwhile, the MAPE, 
MAE, and RMSE obtained error rates of 0.1482%, 0.2752%, and 5.055%, respectively, 
for the WT-based technique when applied to the IEEE 33-bus radial distribution 
system with four DG units. These indices show that the proposed islanding detection 
method is robust and capable of sensing the difference between the islanding 
condition and other system disturbances. Meanwhile, the performance of the proposed 
load shedding scheme was evaluated through an extensive test conducted on the IEEE 
33-bus system considering several scenarios such as load shedding under various 
operating points and at various islands using the MATLAB® software. Moreover, the 
effectiveness of the proposed scheme was validated by comparing its results with 
those obtained using the genetic algorithm (GA). The optimization results indicate that 
the proposed BSA technique is more effective in determining the optimal amount of 
load to be shed in any islanded system compared with GA.  
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ABSTRAK 
 
 
Tahap peningkatan penembusan penjana teragih (PT) yang tinggi memberikan 
pelbagai faedah alam sekitar seperti keboleharapan yang tinggi, kecekapan dan 
pengeluaran karbon yang rendah. Walau bagaimanapun, pengesanan kepulauan yang 
berkesan adalah penting bagi mengelakkan masalah keselamatan dan kerosakan 
peralatan disebabkan oleh operasi kepulauan PT. Teknologi perlindungan kepulauan 
yang biasa digunakan adalah berasaskan teknik pasif. Oleh itu, bahagian pertama tesis 
ini bertujuan untuk membangunkan satu kaedah pengesanan kepulauan pasif yang 
mudah dan berkesan dengan menggunakan rangkaian neural kebarangkalian untuk 
pengelasan, dan juga mengunakan ciri yang diekstrak dari voltan tiga fasa yang dilihat 
pada pengkalan PT. Pendekatan ini membolehkan perolehan ciri awal dengan 
menggunakan teknik fasa-ruang. Teknik ini menganalisa siri masa dalam ruang 
dimensi yang lebih tinggi, dan mendedahkan beberapa ciri tersembunyi dari isyarat 
asal. Sementara itu, bahagian kedua tesis ini memberi tumpuan kepada pembangunan 
skim penyisihan beban optimum selepas sistem mengalami kepulauan yang tidak 
disengajakan untuk mengelakkan ketakstabilan voltan di bahagian sistem kepulauan. 
Untuk menangani masalah pengoptimuman, fungsi objektif berbilang 
dipertimbangkan dengan mengambilkira kestabilan jidar voltan statik dan jumlah 
pengurangan voltan. Satu teknik pengoptimuman heuristik yang novel, iaitu, algoritma 
carian jejak balik (ACJB) telah dicadangkan untuk menentukan penyisihan beban 
yang optimum. Beberapa sistem ujian, termasuk sistem jejari dengan dua unit PT dan 
juga sistem agihan jejari IEEE 33 bas dengan empat unit PT, masing-masing, telah 
digunakan untuk menilai keberkesanan kaedah pengesanan kepulauan dan penyisihan 
beban optimum yang dicadangkan. Keberkesanan kaedah pengesanan kepulauan yang 
dicadangkan telah disahkan melalui perbandingan dengan teknik anak gelombang 
melalui simulasi intensif menggunakan perisian DIgSILENT Power Factory®. Indeks 
penilaian, seperti peratusan min ralat mutlak (PMRM), min ralat multak (MRM), dan 
ralat punca min kuasa dua (RPMKD) didapati kadar ralat adalah 0% bagi kaedah 
pengesanan kepulauan yang dicadangkan apabila diuji pada sistem agihan jejari IEEE 
33 bas dengan empat unit PT. Manakala, PMRM, MRM dan RPMKD memperoleh 
kadar ralat sebanyak 0.1482%, 0.2752%, and 5.055%, masing-masing, bagi teknik 
berasaskan anak gelombang apabila diuji pada sistem agihan jejari IEEE 33 bas 
dengan empat unit PT. Hasil keputusan indeks menunjukkan kaedah pengesanan 
kepulauan yang dicadangkan adalah teguh dan mampu mengesan perbezaan antara 
kepulauan serta gangguan sistem yang lain. Sementara itu, prestasi skim penyisihan 
beban yang dicadangkan telah dinilai dengan ujian yang meluas dijalankan pada 
sistem bas IEEE 33 dengan mempertimbangkan beberapa scenario seperti penyisihan 
beban di bawah pelbagai titik operasi dan pulau dalam perisian MATLAB®. 
Tambahan pula, keberkesanan skim penyisihan yang dicadangkan telah disahkan 
dengan membandingkan keputusan yang telah diperolehi dengan keputusan algoritma 
genetic (AG). Hasil kajian pengoptimuman menunjukkan bahawa teknik ACJB yang 
dicadangkan adalah lebih berkesan dalam menentukan nilai optimum bagi beban yang 
akan dikurangkan pada mana-mana sistem kepulauan berbanding AG. 
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CHAPTER I 
 
 
INTRODUCTION 
 
 
1.1 RESEARCH BACKGROUND 
 
Traditionally, electrical energy in the distribution system is always supplied to the 
customer from upstream power resources that are connected to the bulk transmission 
system. A small localized power source called distributed generation (DG) becomes 
an alternative to bulk electric power generation due to yearly demand growth. These 
DGs include wind farms, micro hydro turbines, photovoltaics (PV), and other 
generators. These DGs are generally in the range of a few kWs up to a few MWs and 
have several advantages, such as environmental benefits, improved reliability, 
increased efficiency, prevention of transmission and distribution (T&D) capacity 
upgrades, improved power quality, and reduced T&D line losses (Balaguer-álvarez et 
al. 2010; Ray et al. 2011). Figure 1.1 shows the difference between traditional and 
multiple embedded distribution systems, in which additional DG is commonly 
connected near the local load compared with the traditional network system. 
Therefore, the traditional approach of energy production and distribution are 
changing, introducing new challenges in balancing the power system.  
 
One of the major drawbacks of DGs are island mode operation. Disconnection 
of the main source is called islanding as shown in Figure 1.2, which can be either 
intentional or unintentional. When disconnection occurs, the active part of the 
distribution system should sense the disconnection from the main grid and shut down 
the DGs, where island operation is prohibited or control action must be activated to 
stabilize the islanded part of the system (Ezzt et al. 2007).  
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Figure 1.1 (a) Traditional distribution system, (b) generation embedded distribution   
system 
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Figure 1.2 Power islanding condition 
 
Sources: Ezzt et al. 2007  
 
However, unpredictable behavior due to power mismatch between load and 
generation immediately after island creation is a new challenge in controlling the 
voltage and frequency response. Normally, large excess load over local generation in 
the islanded system could result in a rapid frequency drop. This rapid frequency drop 
will cause the load to acquire power from the stored kinetic energy in the rotating 
system, thus slowing the rotation (frequency). Moreover, the voltage of the system 
decreases rapidly to balance the reactive power in the islanded system. The effect of 
the unintentional islanding events described previously is plotted as frequency and 
voltage response versus time in Figure 1.3. Any variation in frequency and voltage 
may damage the customer equipment. To overcome this problem, various solutions 
are being proposed. One of the effective methods of correcting power mismatch is to 
quickly shed the load before frequency and voltage stability decline sharply.   
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Figure 1.3 Voltage and frequency response 
 
Source: Ecconnect 2001 
 
Generally, automatic load shedding has two types. The first type is under-
frequency load shedding (UFLS), which is designed to rebalance load and generation 
within an electrical island once the unbalanced system is created. The second type is 
under-voltage load shedding (UVLS), which is utilized to prevent local area voltage 
collapse and to directly respond to the voltage condition in a local area. The UVLS 
scheme aims to shed load to restore reactive power relative to demand, to prevent 
voltage collapse, and to contain a voltage problem within a local area rather than 
allowing it to spread in geography and magnitude.  
 
By contrast, automatic UFLS is designed for extreme conditions to stabilize 
the balance between generation and load after electrical island formation and to drop 
sufficient load to allow the frequency to stabilize the island. However, the UFLS is 
ineffective if instability or voltage collapse occurs within the island. Moreover, the 
most common factor that contributes to power blackout is voltage instability (Laghari 
et al. 2013). Thus, effective load shedding is crucial to prevent total system collapse. 
Improper load shedding would cause a high number of blackouts.  
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1.2 PROBLEM STATEMENT 
 
Although the islanding operation has some benefits, several drawbacks are still 
observed, especially in unintentional islanding events. The unintentional islanding of 
DGs may cause problems in terms of power quality, safety, voltage and frequency 
stability, and interference (Mahat et al. 2011; Timbus et al. 2010). The Institute of 
Electrical and Electronics Engineers (IEEE) 1547-2003 standard specifies a maximum 
delay of 2 s for the detection of the unintentional islanding condition, whereas the 
IEEE 929-2000 standard requires the disconnection of the DG if islanded (Mahat et al. 
2011). To achieve this goal, each DG must be capable of detecting the islanding 
condition as quickly as possible. Therefore, the first part of the current study attempts 
to develop a simple and effective method that can quickly diagnose the islanding 
condition by identifying the islanding and non-islanding conditions in the system.  
 
Several techniques have been developed to accurately identify the islanding 
condition; the most economical and effective technique is to use a passive technique 
with the application of artificial intelligence (AI). This technique is preferred because 
a more accurate online detection is required to monitor the condition of the system. 
Moreover, this technique is usually less complex and has high computational 
efficiency with good accuracy and reliability. The most common technique being used 
nowadays is the combination of signal processing (SP) and neural network.  
 
For instance, Gaing (2004) used discrete wavelet transform (DWT) integrated 
probabilistic neural network (PNN) to classify power disturbances. This method used 
the multiresolution analysis (MRA) of DWT and Parseval’s theorem to extract energy 
distribution features at different resolution levels. The features were subsequently 
classified using PNN. Moreover, PNN is incorporated with wavelet transform (WT) to 
determine the location and type of the fault (Othman, & Amari 2008). Realizing the 
potential of these intelligent methods, G. Yin (2005) presented a combination of fast 
Fourier transform (FFT) and artificial neural network (ANN) classifier for detecting 
the islanding condition (G. Yin 2005). In this method, the output voltages of the 
inverter are sampled and the signal frequency domain is obtained through FFT. 
However, the algorithm is suitable for stationary waveforms and can be implemented 
